This study evaluated the influence of specimen dimensions and storage medium and temperature on the flexural properties of one dental resin composite. The material utilized throughout the study was Clearfil AP-X. Eighty specimens were built with dimensions of either 10×2×2 mm or 25×2×2 mm, stored dry or in distilled water, at 25 or 37ºC, for 24 h. Flexural strength and modulus were tested in three-point bending. Results were evaluated with three-way ANOVA and Tukey's test (α=0.05). Statistical significance was observed for all three factors: temperature (37ºC=190.8 MPa, 25ºC=165.3 MPa; p<0.01), storage medium (water=167.7 MPa, Dry=188.4 MPa; p<0.01) and specimen dimensions (10×2×2 mm=197.9 MPa, 25×2×2 mm=158.2 MPa; p<0.01). None of the interactions were significant. Within the limitations of this study, it can be concluded that factors such as specimen dimensions, storage medium and temperature significantly affect flexural strength results, which invalidates comparisons of results from studies that use different methodologies.
INTRODUCTION
Recently, significant advances in resin composite mechanical properties, allied with improvement in the adhesive system, have broadened the use of such materials in restorative dentistry to include posterior teeth, where classically only amalgam restorations were indicated. However, mechanical properties vary considerably among the different types of composite and commercial brands 1, 2) . Clinically, amalgams still perform more reliably than composites, which justifies the many studies on the mechanical properties of the latter 3) .
One of the laboratorial tests most used to evaluate the mechanical behavior of resin composites is the flexural strength test. It simulates the complex forces that develop in areas of stress concentration, since it induces compressive and tensile forces simultaneously, close to and opposite from the point of loading, respectively 4) . The test serves as a predictor of the mechanical behavior of a resin composite used clinically 2, 5) . However, modifications of the test parameters proposed by ISO 4049 (International Organization for Standardization, 1988) are commonly found in the literature, in which both the storage medium and the specimen dimensions vary to some extent.
Peutzfeldt & Asmussen (1991), using shorter specimens (10×2×2 mm) than suggested by ISO 4049 (25×2×2 mm), observed higher values of flexural strengths, which they credited to the smaller dimensions 6) . A more recent study evaluating different specimen dimensions for the flexural strength test (25×2×2 mm, 15×2×2 mm and 10×2×2 mm) showed no statistical difference among the different lengths 4) , which agrees with other authors 7) .
Another factor that may influence three-point bending results is the storage condition. Long-term water storage leads to reduced mechanical properties 8, 9) . Even though polymeric networks are thermally and chemically very stable, water sorption is observed, especially for more hydrophilic formulations 10) . This accelerates hydrolytic degradation of both the resin matrix and the silane layer covering the inorganic fillers 11, 12) . Sorption and solubility lead to a variety of chemical and physical processes that can be deleterious to the polymer structure 10) . Other studies evaluate the long-term effects of storage in different media [13] [14] [15] , but little information exists at 24 h. This interval is significant since it is the most commonly used in flexural strength tests 16) . Resin composite materials with lower filler content as more prone to water sorption and solubility during storage, accelerating the degradation phenomena observed 17) . The temperature is another important factor affecting flexural strength results 14) . It has been argued that all mechanical properties must be evaluated at 37ºC to bear any clinical significance, since that is the temperature at which the materials will be used in the oral cavity 17) .
A systematic study showing how the results obtained from different methodologies compare is still lacking, especially when different conditions of storage (medium and temperature) are considered for different specimen dimensions. This will help determine whether comparison between studies using discrepant testing parameters can be made safely. Therefore, it is the objective of this study to systematically evaluate specimens of different sizes, stored at in different media at different temperatures in terms of the results obtained for flexural strength. The hypothesis is that all factors influence the flexural properties.
Flexural properties of resin composites: Influence of specimen dimensions and storage conditions

MATERIAL AND METHODS
Throughout the study, the composite Clearfil AP-X was used. Its composition is described in Table 1 . Eighty specimens (n=10) were built using two different kinds of stainless steel split molds ( Fig. 1) : 10×2×2 mm and 25×2×2 mm (length×width×height).
The composite was inserted in bulk and covered on both sides with a mylar strip before being sandwiched between two glass slides. This ensured a smooth surface. Specimens were photoactivated with approximatelly 600 mW/cm 2 for 40 s (radiant exposure=24 J/cm 2 ) with a quartz-tungsten-halogen light source (QHL 75, DENTSPLY CAULK, Wilford, DE, USA), checked daily with a radiometer (DEMETRON, Danbury, CT, USA). 10×2×2 mm specimens were photoactivated with one exposure, since the diameter of the light guide (ø=11 mm) was able to encompass the entire length of the specimen. For the 25×2×2 mm specimens, photoactivation was carried out with three non-overlapping 40 s exposures to cover the entire length of the specimen. The mold was clearly marked to avoid overlapping of the exposures (Fig. 2) .
After photoactivation, the top portion of the specimen was identified with a small notch and excess material was removed with a scalpel blade number 11.
All eighty specimens were stored for 24 h protected from light and randomly assigned to eight storage groups (n=10) according to Table 2 .
After storage, specimens were tested in threepoint bending in a universal testing machine (Kratos Table 1 Clearfil AP-X manufacturer information
Material % filler (volume) Organic matrix Color
Clearfil AP-X (Kuraray Co., Ltd Okayama, Japan) 70 BIS-GMA, TEGDMA B2 Fig. 3 Schematic of three-point bending. Dinamômetros, Brasil). Support span was 6 mm and 20 mm for the small and larger specimens, respectively, tested at a cross-head speed of 0.5 mm/min ( Fig. 3 ). Load at fracture values were converted to stress (flexural strength) according to the equation:
FS=Flexural strength (MPa); L=Load at fracture (N); D=span between supports (mm); w=specimen length (mm); h=specimen height (mm).
All dimensions were measured with a digital caliper (Mitutoyo 500-143B) -precise to the 0.01 mm. Results were analyzed with three-way ANOVA and Tukey's test at a global level of significance of 95%.
RESULTS
Average flexural strength values of the eight experimental groups are reported in Table 3 . The group AA25 obtained the lowest average value, while S3710 had the highest flexural strength. Since none of the interactions among the factors were significant, pooled averages for the individual factors (temperature, storage medium and specimen size) are presented in Table 4 .
Specimens stored at 37ºC obtained higher values of flexural strength than the ones observed at room temperature (25ºC) (p<0.01). Similarly, specimens stored dry presented higher flexural strength than stored in water (p<0.01). Shorter specimens presented higher flexural strength than longer ones (p<0.01).
DISCUSSION
Different methods are reported in the literature to test flexural strength of resin composites. The present study aimed at systematically evaluating some of the factors that may influence the results. The hypothesis was that significant differences on the three-point flexural strength of composites will be found as a function of the parameters used in the test, which was fully confirmed for all three parameters tested.
Storage conditions, such as temperature and storage medium, significantly influenced the results. Even at only 24 h, water storage lead to a decrease in the flexural strength of the material. This is explained by the water sorption that lead to polymer network degradation through a well-known plastification effect. Polymer chains are separated and leachable components are released, such as unreacted monomers and potentially allergenic initiators. This also causes degradation on the filler/matrix interface, which facilitates wear of the composite at the same time hydrolytic stability is jeopardized [9] [10] [11] [12] . These findings agree partially with previous studies where the storage of specimens in water at 37 o C for one week led to reduction in flexural strength values for only one of the materials tested, which in that specific study had also been photoactivated for a shorter period of time (as per manufacturer's recommendations) than the other materials tested 9) .
The storage temperature also influenced the results. According to previous studies, specimen storage in artificial saliva at 37 o C represents the ideal, most clinically relevant storage condition 14) . Some authors even go as far as testing the specimens at the same storage temperature 9, 14) , while the majority tests the materials at room temperature, regardless of the storage temperature 15, 17) , as was the case of the present study. It is likely that the enhance flexural strength obtained at 37 o C×25 o C has been the result of increased conversion given by temperature-derived mobility of polymeric chains and consequent entrapped radical engagement [18] [19] [20] .
Smaller specimens (10×2×2 mm) are used in substitution to the dimensions recommended by ISO 4049 for some reasons. The first advantage is that it takes less material to make the specimen, but the main reason is the possibility for photoactivation in a single exposure. Similar values have been reported regardless of the specimen dimensions 4, 7) . In the present study, however, that was not the case. Since both specimens showed the same cross-sectional area (2×2 mm), both the length of the specimen and the span between supports must have played a role. It is also likely that during the removal of the smaller specimens from the split mold that less tension needs to be applied. Also, smaller specimens tend to concentrate fewer defects. In addition, the photoactivation with three non-overlapping exposures employed here to build the longer specimens might have precluded a homogeneous polymerization of the specimen, especially at the borders of each exposure. This is due to the non-homogeneous distribution of the light along the light guide.
A study in the literature have showed that by increasing the L/D ratio (span length/diameter ratio), the maximum load values decreased and flexural strength and flexural modulus values increased although the material used in the study and its polymerization (that was the same for all groups). For the authors, this was assumed to be due to increased shear stress contribution inside the specimen instead of tensile stress with low L/D ratios 21) .
One must bear in mind that the storage medium and temperature, as well as the specimen size, may influence mechanical test results, which makes comparisons between studies using different methodologies somewhat complicated. Within the limitations of this study, it was observed that the highest flexural strength results can be obtained by using smaller specimens and storing them at 37 o C. This avoids the incorporation of voids and defects during construction and optimizes postpolymerization at slightly elevated temperatures. The use of water storage is recommended to simulate the oral environment.
